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Introduction
Hemoglobin (Hb) is a tetramer of two α-like and two β-like globin chains. Each one is covalently linked to a prosthetic oxygen-binding heme group. The hemoglobinopathies refer to a diverse group of inherited disorders characterized by reduced synthesis of one or more globin chains, Thalassemia, or the synthesis of a structurally abnormal hemoglobin variant. 1, 2, 3 In Brazil, the colonization process had a great influence on the distribution of mutant globin genes. Therefore, the frequency of hemoglobinopathies is closely related to the ethnic groups that make up the population. 4 The thalassemias are a heterogeneous group of genetic disorders caused by changes in the alpha/beta globin chain ratio due to partial or total reductions in the synthesis of one of the globin chains. They are classified according to the involved globin chain, as alpha, beta, delta or delta-beta.
Thalassemias are very common in the Mediterranean region, Africa, the Middle East, India and southwest Asia. In Brazil, the most frequent forms are alpha and beta thalassemias due to heterozygosis. 4, 5 Beta thalassemia is an inherited hemoglobin disorder characterized by hypochromic microcytic anemia and deficiency in the synthesis of beta globin chains. There is a relative increase in the alpha globin chains in this case which can combine with the delta and gamma chains, thereby raising the quantities of Hb A 2 and Hb F. 6 Molecular defects that cause beta thalassemia can be mutations affecting the transcription, the translation or the RNA stability of beta chains. 7 The commonest mutation described in the Brazilian population is CD 39 (C->T), which originated in the Mediterranean region and affects RNA translation creating a stop codon in position 39 of the polypeptidic chain. 7, 8, 9 Fetal hemoglobin (Hb F), formed by two alpha and two gamma globin chains, is expressed at high levels during fetal Artigo / Article development with the syntheses diminishing after birth. 10 The normal values of Hb F in hematologically healthy adults vary from 0% to 1%. 11 In some hereditary alterations, such as hereditary persistence of fetal hemoglobin (HPFH), or in some haplotypes of Hb S and beta thalassemia, the Hb F may remain at levels of greater than 1%. 12, 13 The present study aimed at identifying molecular defects that may explain the increased level of Hb F identified by electrophoretical and chromatographic procedures in individuals without signs or clinical symptoms of anemia.
Material and Methods
After receiving written consent, blood samples of 65 asymptomatic adults from different Brazilian States were analyzed. The individuals, independent of ethnic background, did not present with signals or symptoms of anemia but had above normal levels of Hb F. The first analyses and phenotype definitions were established according to classical methods of identifying hemoglobinopathies and thalassemias. 4, 14, 15, 16 The genomic DNA was isolated from whole blood using phenolchloroform extraction and ethanol precipitation. 17 In order to identify possible genetic defects involved in the elevation of Hb F, 15 mutations of beta thalassemia were analyzed by PCR-ASO, a methodology which, for the identification of mutants, uses allele-specific oligonucleotide probes provided in the Betha Gene 1 and Betha Gene 2 analysis kits (Bio-Rad Laboratories). DNA samples were analyzed for HPFH-1, HPFH-2, HPFH-3 and δβ-thalassemia (Sicilian) by GAP-PCR, a methodology which utilizes three oligonucleotide primers in the same amplification reaction with the production of a unique deletion-specific product when a deletion is presence and a normal control band with the normal allele.
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Results
The individuals included in this study were evaluated in family studies by the National Neonatal Screening Program and considered without signs and symptoms clinical of anemia except for increased Hb F level. Most presented with normal osmotic globular resistance and red blood cell morphology varying between mild to moderate, with predominance of mild alterations that are explained as normal physiological variations in each individual.
All the analyzed individuals were considered normal for Hb A 2 with an average of 2.7% (standard deviation of ± 0.47). The average level of Hb F found in this group was 6.77% (standard deviation ± 9.16), a value higher than the perceptual interval described in publications for normal adults.
Seven (12.3%) of the 65 samples submitted to laboratorial and molecular analyses were positive for one of the analyzed mutations and 58 (87.7%) did not have any of these mutations. The results of the hemoglobinopathies and molecular analyses of these seven samples are described in better detail in Table 1 .
Only one of the 65 samples analyzed by gap-PCR was heterozygous for HPFH-2. The other samples were not positive for any of the investigated mutations.
Discussion
The expression of beta thalassemia is variable; it may present a clinical phenotype of severe anemia, dependent on blood transfusions or be asymptomatic . 7, 19 In the molecular analyses, five different mutations for beta thalassemia were found: three CD 6 (-A), one CD 39, one IVI I-6, one -87 (originating from the Mediterranean region) and one IVS II -654 (from Asia). Fonseca et al. (1998) , in a thalassemia research group from São Paulo state, found CD 39 (C→T), IVSI-6 (T→C), IVSI-110 (G→A) and IVSI-1 (G→T) mutations with the commonest being CD 39.
The different results between this study and data from Fonseca et al. are due to the origin of the different sample groups; in Brazil the original inhabitants were native Indians, but starting five hundred years ago Europeans, specifically the Portuguese with some Spanish and Italians, colonized the continent. Slaves were also brought from Africa. Thus, the population is an admixture of races: in the north there is a predominance native Indians, in the northeast there is a high diagnose disorders and provide genetic counseling, as this condition is not a clinical form of thalassemia. This latter aspect demonstrates the importance of population studies as many carriers do not have signs or symptoms of anemia.
The CD 6 (-A) and -87 mutations originated from the Mediterranean region, population groups that greatly influenced the make up of the Brazilian population. The IVS II-654 mutation demonstrates an Asiatic component in the formation of the Brazilian population, thus highlighting the great miscegenation and the need to amplify molecular studies. percentage of Negroes and their descendents and in the south and southeast there is a great influence of Caucasians. More recently there has been substantial immigration from Asia. 20 The carriers of the CD 39 mutation normally have high levels of Hb A 2 (5.0% ± 0.5) and Hb F (2.7% ± 0.6); positive results for the osmotic globular resistance test in 0.36% NaCl and clinical and hematological signs and symptoms of anemia in heterozygotes. However, the cases described in this study had normal levels of Hb A 2 (2.6%) and no signs and symptoms of anemia which is divergent from published data. 21, 22 The IVSI-6 mutation reduces the efficacy at the splicing site, thus modifying the consensus sequence. In the literature this mutation is described as being associated with high levels of Hb A 2 (4.0 % ± 0.4) and Hb F (2.2 % ± 0.5). 21 The -87 is a mutation in the region close to the CACCC box and thus modifies the location site of the erythroid Krüppel-like factor, providing a DNA transcription defect. The carriers' hematological manifestations are mild, and the values of Hb A 2 (5.2 % ± 0.5) and Hb F (3.3 % ± 1.1) are increased. 21 Both mutations presented intermediate phenotypes of beta thalassemia. In this study, alterations in the results of laboratorial analyses of individuals with IVSI-6 and -87 mutations were not found (Table 1) . This phenotype confirm the results of Rosatelli et al., 23 who reported that Hb A 2 is often normal with no alterations in the hematimetric parameters of heterozygotes.
Resumo
As hemoglobinopatias são um grupo de afecções genéticas que representam problema de saúde pública em muitos países em que sua incidência é alta, com significativa morbidade. Objetivamos identificar defeitos moleculares que pudessem explicar o perfil laboratorial obtido por eletroforese e HPLC com Hb F elevada, em um grupo de indivíduos adultos sem sinais ou sintomas de anemia. Encontramos cinco diferentes mutações que originam beta talassemia por PCR-ASO: três casos com CD 6 (-A), um CD 39, um IVS 1-5, um -87 todas de origem mediterrânea, e um IVS II-654 de origem asiática. As mutações CD 6 (-A), -87 e IVS II-
The CD6 (-A) mutation affects the reading frame and presents well-defined phenotypic characteristics, such as above normal levels of Hb A 2 and Hb F, increased osmotic globular resistance and mild red blood cell alterations. The frequency of this mutation is around 2.5% in Italy and 40.0% in the northeast of Portugal. 21 This was the commonest mutation in the current study sample and thus, although concordant with the ethnic background of the population, the results are in disagreement with published results for the Brazilian population, which do not describe this beta thalassemia mutant. 7 The IVSII-654 mutation that originated in Asia has a high frequency (42.4%) in the Taiwanese population. 21 This mutation creates a new splicing site which affects RNA processing. 24 Even though it is rare in Brazil (1.75%), the frequency of this mutation in the analyzed group shows the influence of Asiatic components in the formation of the Brazilian population.
The HPFH-2 (Ghanaian, Africa) is the result of extensive deletions of nearly identical sizes of approximately 105 Kb of DNA. Heterozygotes have normal hematological parameters except with Hb F levels averaging 24.4% (± 2.8%).
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Conclusions
The results obtained in this study show the importance of molecular investigations of hemoglobin defects in individuals without clinical signals of anemia, in order to the
